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Abstrad 



A belt tensiorw of the Zed typo with a pivot-arm, a pulley attached to 
the pivot-arm for receiving a l>elt load, a pivot, a base, and a torsion spring 
operativety connected between the pivot-ann and base and wherein damping 
of the pivot-arm ts primarily provided by a pivot bushing In response to the belt 
load and a force generated by the spring. 
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RPITTgNSIONER 
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Background trf^a invention 
The Invention relates to an automatic' belt tensioner writh a torsional 
10 spring that biases the position of a pivots to which a belt engaging pulley Is 
attached, but more particularly, the invention relates to a tensioner of the 
■Zed" type where a radial center plane for the pulley Is lateraDy offset from an 
axis for a pivot about whid» the pivot-ann osdilates. 

Automatic belt tensloners have a |*K)t-«nn that pivots relative to a 
base. A pufley Is rotatably mounted to the pivot-arm and a spring between the 
pivot-ann and base biases the position of the ph/ot-arm to place the pulley 
against an endless belt of a belt drive system to tension the belt white 
receiving a belt induced load. In some applications, a Is preferred to have a 
bushing for the pivot to be in a commwi radial plane with the pufley to simplify 
or reduce loads that must be carrted by the bushing. VWthin this category of 
tensionere, there is a type that has a bishlng that provides both bearing 
support and damping to pivoted oscSlatory movements of a pivot-aim. Such a 
tensioner is disclosed In U.S. Patent Na 4.723.934 (B 1 4.723.934). Another 
example of a tensioner that has a bushing that provides both bearing support 
and damping to pivotal iiiovements of a pivot-ann is disclosed in U.S. Patent 
No. 5,478.285. 

An example of a "Zed" type tensioner is disclosed in U.S. Patent No. 
30 4.473.362 wh^re the tensioner has a pivot-ann attached to an of^et annular 
pivot mender that suppoite the pivot-arm and osciilates on a post secured to 
a base. A torsion spring is used whera one end of the spring is constrained at 
two points by a connection to the pivot-ami. and the other end of the spring is 
constrained by one connection to the base and one connection by way of a 
35 damping mechanism that Includes a coil of the spring that presses against a 
sleeve which in turn presses against the annular pivot member. A single 
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sleeve-type bushing located radially inward of the spring and posWoned 
between the post and armuiar member, has a bearing surface that supports 
the annular member with its Interconnected pivot-ann. The pivot bushing 
cmnedion with the damping mechanism, danps oscillatory nriovements of the 
5 pivot-arm. A problem with this type of tensloner is that the amount of 
available damping Is somewhat limited because the pivot bushing and 
damping mechanism are located radially inward of the torsion spring and 
operate at a radius that is substantially less than the length of the pivot-ann. 

10 Another example of a "Zed" type tensioner is disdosed in U.S. Patent 

No. 5964674 and has: a pfvot-ann, a pJvot-pIn connected on 
one side to the pivot-arm, a base member of generally lube-pan' shape 
holding at least one low friction bushing that supports the prvof-p(n, a torsional 
spring with one end constrained and attached to the pivot-ann and another 

15 end constrained and attached to the base. The tensioner has a damping 
mechanism where an end of the sprfrig b operatively connected to a damping 
mechanism that includes a shoe with an outside friction surface that rdbs 
against an inside wall of the base member to effect damping. A diaracteristic 
associated with tensioners of this type Is that substantially all of the damping 

20 is by way of the damping mechanism; very little damping is generated at the 
pivot bushing In response to a baK load received at a pulley. 

SUMIWVRY OF THE INVEWTIOI^ 

25 In accordance wHh the invention, a tensioner is provkled that is useful 

in V-ribbed front-end accessory belt drive systems used in automotive 
applications. The belt tensioner of the invention is of the "Zed" type with: a 
prvol-ami, a pulley attached to the pivot-ann for er^aging the belt arid 
receiving a belt load, a pivot in a form of a cantilevered annular pivot nnember 

30 a fixed end attached to the pivot-ann, at least one pivot bushing, a base 
memt>er that supports the pivot, a torsion spring operathfely connected 
between the pivot-ann and base and wherein ho\h bearing support and 
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damping to oscillatory movements of the pivot-arm is 
primarily provided by a pivot bushing. 

The base has a bottom wall from which extends a 
cantilevered post and a cantilevered annular base member 
5 which together define an annular cavity. The annular pivot 
member is positioned inside the annular base member with the 
pivot bushing positioned therebetween . 

A wide stance between the reactionary force of the 
belt load and the reactionary force of a spring load is 

10 achieved by the way that the torsion spring is operatively 
connected or ^^hooked up" to bias the position of the pivot- 
arm relative to the base. A first end of the spring is 
constrained between first and second places at an open end 
of the post. A second end of the spring is constrained 

15 between a place at the free end of - the annular pivot member 
and a place juxtaposed the bottom wall of the base member. 

The advantage of the spring ^'hook-up" is that it 
gives a wide stance for the reactionary forces carried by 
the bushing and results in a bushing wear that does not 
20 substantially inhibit alignment of the pulley over an 

operative life of the tensioner. Also, the spring "hook-up" 
is such that a belt force received at the pulley and a 
spring force at the annular pivot member combine to provide 
a damping force reacted at the pivot bushing. 

25 Another advantage of the invention is that the 

pivot bushing is located radially outside the torsional 
spring to provide a high percentage damping. 

According to one aspect of the present invention, 
there is provided a tensioner for tensioning a power 
30 transmission belt and of the type with a pivot-arm; a pulley 
attached to the pivot-arm for engaging the belt and 
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receiving a belt load; a pivot in the form of a cantilevered 
annular pivot member with a fixed end attached to the pivot- 
arm; at least one pivot bushing; a base member that supports 
the pivot; a torsion spring operatively connected to bias 
5 the position of the pivot-arm relative to the base member; 
friction between slideable surfaces for damping oscillatory 
movements of the pivot-arm; and wherein the improvement 
comprises: the base member having a bottom wall 
interconnecting a cantilevered post and a cantilevered 

10 annular base member that together define an annular cavity; 
the annular pivot member having an open end that protrudes 
into the annular cavity such that the annular pivot member 
is positioned inside the annular base member; the pivot 
bushing interpositioned between an outside surface of the 

15 annular pivot member and an inside surface of the annular 
base member, and the bushing having an inside surface that 
provides both bearing support and friction for damping to 
oscillatory sliding movements of the annular pivot member 
with the connected pivot-arm; and the spring having a first 

20 end constrained between first and second places at a free 

end of the post and a second end constrained between a third 
place at the free end of the annular pivot member and a 
fourth place juxtaposed the bottom wall of the base member. 

These and other objects or advantages of the 
25 invention will be apparent after reviewing the drawings and 
description thereof wherein: 

Figure 1 is a cross-sectional view of the 
tensioner of the invention taken along the line of 1-1 of 
Figure 2; 
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Figure 2 is a partial schematic view talwn in the direction S-S 
and crossrsectional view along the line 2-2 of Figure 1 
illustrating various components and forces associated with the 
tenstoner; and 

Rgure 3 Is a partial schematic -view taken in the direction S-S 
and cross-sectional view taken along the One 3-3 of Figure 1 
illustrating various components and forces associated with the 
tensioner. 

nps^ iription Of Preferred Em bodiments 



Referring to Figures 1-4. a tensioner 10 with a pulley 12 is typically 
used In conjunction with a beH drive system 14 that includes a belt 16 

15 constrained by several pulleys {not shown) and a tensioner pulley 12. The 
pulley 12 engages the belt 18 to adjust belt tension. When engaged with the 
bell, the pulley 12 receives a belt load In the form of belt tension T1. T2 of 
adjacent belt spans. 18. 20. The belt tensfon T1. T2 (or load) combine to 
generate a belt force component BF along a bisector of a angle fomied 

20 between the belt spans IB. 20 and acting symbolically at point A. The belt 
force component acting at point A, being axially offset from pivot-pin 22 of the 
tensioner. generates a complicated internal load that includes forces and 
moments. Tensioners vnth such an axial offset are known as of the "Zed" 
type. 



The tensioner 10 is of the mechanical type and includes a base 
member 24. a torsion spring 26. a phrot-ami 28 that oscillates in relation to the 
pivot axis 22. and a ball bearing 30 attached to the pivot-arm for rotateably 
mounting the pulley 12. 

The base member 24 has a bottom wall 32 from which extends a 
cantilevered post 34 and a cantilevered annular base member 36 that 
together define an annular cavity 38. The base member 24 has an open-end 

WaM6t3fT9M2SMapp(.dOC 
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40 and is oriented so that its bottom wall 32 and opervend 40 face toward the 
phfot-arm 28. One or more eare 42 with bolt recsMng holes 44 may be 
interBiateiy formed of the base member and used for attaching the tensioner 
with fastenere to an engine (not shown) to be part of the beK drive system 14. 

A pivot in a form of a cantilevered annular pivot member 46 has a fixed 
end 48 formed as an Integral part of the pivot-ann 28. An open^nd of the 
annular pivot member protrudes into the annular cavity 38 such that the 
annular pivot member is positioned inside the annular base member 36. 

At least one pivot bushing 52 of preferably the polymerfc type Is 
interpositioned between an outside surface 54 of the annular pivot member 
and an inside surface 56 of the annular base member. The bushing has an 
inside surface 58 that provides both bearing support and friction for damping 
to osdilatory sliding movements of the annular pivot member with the 
connected pivot-ami. The pivot bushing, annular member, and annular base 
member have any complimentary shapes in relation to each other such as 
cylindrical or fapered. 

A second bushing 60 also preferably of the polymeric type, fe 
positioned over the post 34. Optionally, the pivot bushing and second 
bushing may be fomned together as one composite bushing having generally 
a tube-pan' shape. 

An extension of the plvot-aim 28 and the integral fixed-end 48 may 
include a radial flat 64 extendmg drcumferencially juxtaposed a waU 66 of 
the open-end 48 of the annular base member 36. Optionally, the pivot 
bushing Includes a radial flange 68 positioned between the radial flat of the 
pivot-ann and the wall of the annular base member. 

The plvot-ann 28 is secured to the cantilevered post 34 of the base 
member 24 by a fastener such as a bolt 70 or a stocked or riveted washer. 
The bolt 70 extends through a hole 72 fomied In the pivot-ami 28 wherein the 

VUb/481SnW«2SA/appLdee 
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hole has a larger diameter than an outside diameter of the fastener to ensure 
a deaiance 74 between the two parts. As asserribted, the radial flange 68 
operates as a thrust washer and dust shield between the base and the pivot- 
ami and also sewes to help maintain a radial afignment of the pivot-ann in 
5 relation to the base member. A sealing disc 75 between the boll head and 
pwot^rm acts as thaist washer that carries an axiaily extending load 
generated by the torsional spring upon assembly. The axiaily extending load 
he^s Improve spring tang hooK-ups S1, S2 S3. 

10 The pulley 12 Is rotateably mounted to the ph/ot-ann 28 by means of 

the baB bearing 30 which is positioned on a stub-shaft 77 fomtied of the pivot- 
ami 28. The ball bearing 30 Is retained on the stub-shaft by a fastener such 
as a boR 76 and washer 78. 

15 Optionally, a stop to limR annular movements of the pivot-ann may be 

induded and fonned between the base member and pivot-arm which Is best 
illustrated in Rgure 3. An arcuate cutout 80 is formed in the annular pivot 
member leaving radial walls 82. 84 as stops formed of a radial wail. A 
projection 86 formed of the bottom wall 32 of the base member protrudes into 

20 the arcuate cutout The projection 88 In conjunction with stops 82. 84 fomied 
of the annular pivot member limits osdilatory movements of the |rfvot-ami. 

The torsion spring is located in the annular cavity 38 between the 
cantilevered post 34 and cantilevered base member 36 and is operatively 
25 connected to bias the posWon of the pivot-ann relative to the base member. 

Referring more particularfy to Figures 1 and 2, a first end 88 of the 
spring 26 has a tang 90 bent radiaUy inwardly that extends into a slot 92 
fonned in the free end of the cantilevered post 34. A pin 94 is positloried In a 
30 second slot 96 fonned in the free end of the cantilevered post 96. A first end 
of the spring Is constrained between a first place SI at the slot 92 and a 
second place S2 at the pin 94. AB loads firom the spring at places SI. S2 are 
carried directly by the qantnevered post 34 of the base member 24. 

Vtti/4S13nW«2<A/4ipldiie 
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Referring to Figures 1 and 3. a second end 98 of the spring 24 has a 
tang 100 bent radially outwardly that extends into a radial slot 102 formed In 
the free end of the annular pivot memt)er 46. A sleeve 104 is positioned over 

5 the second bushing juxtaposed the Iwttom wail 32 of the base member. The 
second end of the spring is constrained between a third place S3 at the free 
end of the annular pivot member and a fourth place S4 at the sleeve 
juxtaposed the bottom waO of the base member. The load from the spring 
end at place S4 is transmitted to the sleeve 104, then to the second bushing 

10 60. and then to the cantilevered post 34 of the base member. Tang 100 of 
the second spring end imparts a spring force FS to the annular pivot member 
at some point B which corresponds to where the spring is constrained at place 
S3. 

15 The belt force imparted at point A and the spring force Imparted at 

point B are in the same general direction and are carried by the annular pivot 
member. Pivot bushing 52 supports the annular pivot member whereby belt 
foroe BF and spring force FS are balanced by a reacfionary force N. There is 
friction between the sliding surface of the annular pivot-ann member and 

20 plvot-ami bushing which acts to damp oscfflatory movements of the pivot-arm. 
TTie sliding surfaces operate at a mean radius DR which may be larger or 
smaller than a radius PR of the pivot-ami. Both pivotal movements and 
damping are effected by the pivot bushing. There is a small amount of 
damping effected between the sleeve 104 and second bushing 60. 

25 

As more particulariy niustrated in Figure 3. the location of the belt force 
BF moves from point A to point A' in conjunction with angular movements X of 
the pivot-arm. However, there Is very little change in the direction of the belt 
force BF. The annular pivot member angularly moves with angular 
30 movements of the pivot-arm, and hence, the spring slot moves to a new 
location 108 as represented by the dotted lines at an angle Y (which is equal 
to angle X). The location of the spring force FS moves from point B to point 
B'. The force FS imparted by the spring at point B changes direction as it 
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moves to point B- and remains substantially perpendk^lar to the slot at Ks 
new location 106. 

The belt force BF and spring force FS combine to effect a damping 
force at the bushing that is balanced by the teacBonary force N. The large 
diameter DR of the bushing (i-e. configured outside the torsion spring) along 
with Its length suppresses wear and pulley mbarignmenL 

A foregoing description is made for the purpose of Illustration onV and 
Is not intended to Hmit the scope of the invention which is to be detemiined by 
the appended dalms. 
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THE BJ©ODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. A teneioner for tensioning a power transmission belt 

and of the type with a pivot-arm; a pulley attached to the 
pivot -arm for engaging the belt and receiving a belt load; a 
pivot in the form of a cantilevered annular pivot member with 
a fixed end attached to the pivot -arm; at least one pivot 
bushing; a base merttoer that supports the pivot; a torsion 
spring operatively connected to bias the position of the 
pivot-arm relative to the base member; friction between 
slideable surfaces for damping oscillatory movements of the 
pivot-arm; and wherein the improvement comprises: 

the base member having a bottom wall interconnecting a 
cantilevered post and a cantilevered annular base member that 
together define an annular cavity; 

the annular pivot member having an open end that 
protrudes into the annular cavity such that the annular pivot 
member is positioned inside the annular base member; 

the pivot brushing interpositioned between an outside 
surface of the annular pivot member and an inside surface of 
the annular base member, and the bushing having an inside 
surface that provides both bearing support and friction for 
dancing to oscillatory sliding movements of the annular pivot 
member with the connected pivot-arm; and 

the spring having a first end constrained between first 
and second places at a free end of the post and a second end 
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constrained between a third place at the free end of the 
annular pivot member and a fourth place juxtaposed the bottom 
wall of the base member. 

2. The tensicner as claimed in Claim 1 wherein the 
second end of the spring is retained at a position on the 
annular pivot member in a circumferential location such that a 
force imparted by the spring to the third place in combination 
with a belt force generated by the belt load generate a 
reactionary force at the bushing to effect dan5>ing. 

3. The tensioner as claimed in Claim 1 including the 
post having a substantially cylindrical surface portion 
juxtaposed the bottom wall, a post bushing positioned over the 
post, and a sleeve positioned over the post bushing juxtaposed 
the second end and a coil of the spring, and wherein the 
cylindrical surface, post bushing and spring coil defining the 
fourth place juxtaposed the bottom wall of the base member 
where the second end of the spring is constrained. 

4. The tensioner as claimed in Claim 3 wherein the 
pivot bushing and post bushing are formed together as one 
composite having generally a tube-pan shape. 

5. The tensioner as claimed in Claim 3 wherein the 
pivot bushing, annular pivot member and annular base member 
are complimentary tapered in relation to each other. 
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6. The tensioner as claimed in Claim 3 wherein the 
pivot-am has a radial flat extending circumf erentially 
juxtaposed a wall of the open end of the annular base member, 
and the pivot bushing includes a radial flange positioned 
between the radial flat of the pivot-arm and the wall of the 
open end of the annular base member. 

7. The tensioner as claimed in Claim 3 wherein the base 
member includes a projection extending from the base wall and 
into an arcuate slot formed in the open end of the annular 
pivot member, the slot and projection together restricting 
movement of the pivot-arm to a predetermined angular amount. 
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